Activity Index (SDAI) (5) , and the Clinical Disease Activity Index (CDAI) (4) . In 2011, the American College of Rheumatology (ACR) and the European League Against Rheumatism (EULAR) devised new provisional definitions of remission: an index-based approach using the SDAI definition or the CDAI definition of remission (#3.3 and #2.8, respectively) and a Boolean-based approach requiring scores of #1 for a number of individual measures of disease activity (6) . Although traditional definitions of remission have included the DAS28-ESR (,2.6) or the DAS28-CRP (,2.6) (3,4), these definitions have not been regarded as valid criteria by the ACR and EULAR (6) . A state of low disease activity is typically defined by a higher cutoff point within a composite measure (e.g., SDAI low disease activity is defined as a score of #11.0, and DAS28 low disease activity is defined as a score of #3.2).
Tofacitinib is an oral JAK inhibitor used for the treatment of RA. In the phase III studies of tofacitinib, the 4-variable DAS28-ESR (DAS28-4[ESR])-based analysis was consistently used to assess remission and low disease activity (7) (8) (9) (10) (11) . Here, we investigated the rates of remission and low disease activity according to 5 different definitions in 5 phase III randomized controlled studies of tofacitinib and explored the consistency and reasons for possible inconsistencies in the reported rates.
PATIENTS AND METHODS
Study design and patients. The 5 phase III studies included in this analysis had a duration of 6-24 months, with tofacitinib (5 mg or 10 mg twice daily) administered as monotherapy (ORAL Solo, ClinicalTrials.gov identifier: NCT00814307 [7] ); with background methotrexate (ORAL Scan, ClinicalTrials.gov identifier: NCT00847613 [8] , ORAL Step, ClinicalTrials.gov identifier: NCT00960440 [9] , and ORAL Standard, ClinicalTrials.gov identifier: NCT00853385 [10] ); or with conventional synthetic disease-modifying antirheumatic drugs (ORAL Sync, ClinicalTrials.gov identifier: NCT00856544 [11] ). ORAL Standard (10) also included an active-treatment control arm, with adalimumab 40 mg administered subcutaneously once every 2 weeks with background methotrexate. Patient inclusion and exclusion criteria were similar for all 5 studies and have been reported previously (7) (8) (9) (10) (11) .
All studies were conducted in compliance with the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice Guidelines. All patients provided written informed consent. Final protocols, amendments, and consent documentation were reviewed and approved by the Institutional Review Board and/or Independent Ethics Committee of the study centers.
Remission and low disease activity assessments. Five disease activity measures were used for this analysis. The component variables included the following: 28-joint tender joint count, 28-joint swollen joint count, patient's global assessment determined using a visual analog scale (VAS [0-10 cm]), physician's global assessment determined using a VAS, the ESR, and the CRP level. The formulas for determining the DAS28, SDAI, and CDAI disease activity measures as well as cutoff scores for remission and low disease activity were previously developed (4, 6) . Remission and low disease activity were defined as ,2.6 and #3.2, respectively, for the 4-variable DAS28 using the CRP level (DAS28-4[CRP]), ,2.6 and #3.2, respectively, for the DAS28-4(ESR), #2.8 and #10.0, respectively, for the CDAI, and #3.3 and #11.0, respectively, for the SDAI. Achievement of a Boolean-based definition of remission required that patients have a 28-joint tender joint count of #1, a 28-joint swollen joint count of #1, a CRP level of #1 mg/dl, and a patient's global assessment score of #1 cm (using a 0-10-cm VAS).
Statistical analysis. The full analysis set included all randomized patients who received $1 dose of study drug and had $1 postbaseline assessment. Analyses were carried out using the data as observed, with last observation carried forward (LOCF) imputation for missing values; only postbaseline values were carried forward. The normal approximation for a difference in binomial proportions was used to test each tofacitinib dose against placebo. No preservation of Type I error was applied, and P values less than 0.05 were considered significant. Descriptive statistics for continuous variables were calculated using the observed data (for applicable studies, patients who advanced from placebo to tofacitinib had their month 6 values set to missing). For additional analyses of the CRP level and the ESR, values were pooled across the 5 studies; the actual change from baseline and the percent change from baseline were calculated from the pooled mean values, and changes are presented at the group level.
The primary analyses in the 5 studies presented here applied nonresponder imputation for missing values. Therefore, small differences in remission and low disease activity rates may be observed between this analysis and the primary analyses (7) (8) (9) (10) (11) .
RESULTS
This analysis included 3,306 patients: 1,213 patients received tofacitinib 5 mg twice daily, 1,212 patients received tofacitinib 10 mg twice daily, 679 patients received placebo, and 202 patients received adalimumab 40 mg every 2 weeks. The baseline demographics and disease characteristics were generally consistent across the 5 studies (7) (8) (9) (10) (11) .
Comparison of remission rates across indices. Across all 5 studies, the DAS28-4(CRP) criteria generated higher remission rates versus the Boolean-based, the DAS28-4(ESR), SDAI, and CDAI definitions ( Figure 1 ). In all instances the DAS28-4(CRP) remission rates during active therapy were at least 2-fold higher, and up to 5-fold higher, than the DAS28-4(ESR) remission rates. This difference was also observed for the DAS28-4(CRP) low disease activity rate versus the DAS28-4(ESR) low disease activity rate (additional information is available upon request from the corresponding author). Low disease activity rates as defined by the SDAI, CDAI, and DAS28-4(CRP) were similar and were higher than DAS28-4(ESR) low disease activity rates.
The cutoff points for defining remission and low disease activity were originally established using the DAS28-4(ESR) and have not been sufficiently validated for the DAS28-4(CRP). Alternative DAS28-4(CRP) cutoff points have been estimated that correspond to the respective cutoff points for the DAS28-4(ESR) and SDAI (12) . As would be expected, lower remission response rates were observed when the alternative, lower cutoff point for remission was used (2.4 versus 2.6); however, the response rates were still substantially higher for Figure 1 . Frequency of remission across all 5 studies, defined as a 4-variable Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-4[ESR]) ,2.6, a 4-variable DAS28 using the C-reactive protein level (DAS28-4[CRP]) ,2.6, a Simplified Disease Activity Index (SDAI) score #3.3, a Clinical Disease Activity Index (CDAI) score #2.8, and Boolean-based remission, using the last observation carried forward method in the full analysis set. * 5 P , 0.05; ** 5 P , 0.001; *** 5 P , 0.0001 versus placebo. BID 5 twice daily; Q2W 5 once every 2 weeks; SC 5 subcutaneous.
the DAS28-4(CRP) than for the other measures (additional information is available upon request from the corresponding author). A similar effect was observed for rates of low disease activity using the alternative cutoff point (2.9 versus 3.2).
To investigate whether the ESR or the CRP level was a primary component contributing to these differences, the mean changes from baseline in the ESR and CRP level at month 3 were compared (additional information is available upon request from the corresponding author). Clinically significant reductions in both the ESR and the CRP level were observed in the activetreatment groups. However, the postbaseline values for acute-phase reactants had differentially weighted effects on the DAS-defined target thresholds. For example, after 3 months of treatment with tofacitinib 10 mg twice daily, the resulting mean CRP concentration of 5.4 mg/ liter across the 5 studies contributed 0.67 points to the DAS28-4(CRP) (or 1.63 points when accounting for "10.96" in the formula), while the mean ESR value of 32.2 mm/hour contributed 2.43 points to the DAS28-4(ESR).
The relative change from baseline in the CRP levels, based on pooled mean values, was stable in the placebo group (21.3%) and ranged from 269.1% to 254.0% in the active-treatment groups. Similar trends were observed for change from baseline in the ESR, which was comparably stable in the placebo group (29.1%) but ranged from only 237.8% to 231.9% for the active-treatment groups. Therefore, given this different weighting of the acute-phase reactants and the same cutoff point for remission (,2.6), a much smaller proportion of patients will achieve DAS28-4(ESR) remission versus DAS28-4(CRP) remission, if the other score components (joint counts and patient's global assessments) are equal, as is the case in the individual trials (13, 14) .
Frequencies of remission. Remission and low disease activity rates are described at the time point at which the primary efficacy end point was assessed for each study: month 3 for ORAL Step and ORAL Solo, and month 6 for ORAL Scan, ORAL Standard, and ORAL Sync. The remission rates based on the DAS28, CDAI, and SDAI using LOCF were generally statistically significantly greater for both tofacitinib doses versus placebo and were generally numerically higher for tofacitinib 10 mg twice daily than for 5 mg twice daily (Figure 1) . Remission rates were lower for the DAS28-4(ESR) versus the DAS28-4(CRP), while CDAI-and SDAI-defined rates of remission and low disease activity were similar, despite the use of the CRP level in the SDAI formula. Mean values for the DAS-based measures, the CDAI, and the SDAI across the 5 studies are available upon request from the corresponding author.
Of note, a co-primary end point in ORAL Solo was DAS28-4(ESR) remission at 3 months, which was not significantly different between the placebo and active-treatment groups (Figure 1) . In contrast, the rate of DAS28-4(CRP) remission was significantly higher in patients treated with tofacitinib compared with those treated with placebo. Importantly, although the SDAI and CDAI remission rates were much lower than the DAS28-4(CRP) remission rates, the SDAI and CDAI remission rates in the active-treatment groups were significantly different from the rates in the placebo group (Figure 1) . Consistent with this, similar results were observed when low disease activity was used as an end point (additional information is available upon request from the corresponding author).
Boolean-based remission rates were statistically significantly greater for tofacitinib 10 mg twice daily than for placebo in all studies except ORAL Standard, and for tofacitinib 5 mg twice daily versus placebo for ORAL
Step only (Figure 1) . Remission rates were generally numerically greater for tofacitinib 10 mg twice daily than for 5 mg twice daily, with the exception of the ORAL Step study.
DISCUSSION
In this analysis, we used data from 5 phase III clinical studies of tofacitinib in RA to compare remission rates using 5 disease status criteria. Across the 5 studies, DAS28-4(CRP) criteria generated 2-fold to 5-fold higher remission rates compared with the DAS28-4(ESR). At month 3, remission rates with tofacitinib 5 mg twice daily were 18-22% using the DAS28-4(CRP) and 5-10% using the DAS28-4(ESR) and with tofacitinib 10 mg twice daily were 19-30% and 7-12%, respectively. Remission rates determined using the SDAI and the CDAI were consistently similar to each other. At month 3, remission rates with tofacitinib 5 mg twice daily were 4-7% using the SDAI and 5-6% using the CDAI and with tofacitinib 10 mg twice daily were 6-10% and 6-9%, respectively. As expected, these rates were also similar to rates using the Boolean-based method. At month 3, remission rates with tofacitinib 5 mg twice daily were 2-7% and with tofacitinib 10 mg twice daily were 5-7%.
It has been noted that the DAS28-4(CRP) conveys lower scores than the DAS28-4(ESR) at identical joint counts and global assessments (12) , and with a remission cutoff of ,2.6, the DAS28-4(CRP) may underestimate disease activity more than the DAS28-4(ESR). However, the extent of the discrepancy between these 2 variants of the same type of score is surprising. In addition, previous studies have shown similar low disease activity response rates when using these DAS28 variants (12) . In the current analysis, however, low disease activity response rates were ;2-fold higher for the DAS28-4(CRP) than for the DAS28-4(ESR). Given that the tender joint count, the swollen joint count, and the global assessment scores were identical using the DAS28-4(CRP) and the DAS28-4(ESR) and the ESR and CRP level are transformed in a similar manner in the 2 formulas, the likely explanations for these differences may be the differential effects of drugs with distinct mechanisms of action on the ESR and CRP level. Alternatively, the term "0.36*ln(CRP11) 1 0.96" of the DAS28-4(CRP) may not adequately replace the term "0.70*ln(ESR)" of the DAS28-ESR in patients with lower levels of disease activity when agents affecting the acute-phase response are used. As a consequence, a greater reduction in the ESR term than in the CRP term is needed to achieve the same score for the 2 DAS28 instruments.
While tofacitinib, as a JAK inhibitor, interferes with interleukin-6 (IL-6) signaling, and IL-6 is the major activator of acute-phase reactants (15), it appears to have different effects on the CRP level and the ESR. Tofacitinib reduces CRP concentrations to a level that, when entered into the DAS28-4(CRP) formula, may have resulted in values below the remission threshold, despite residual joint counts and high patient's global assessment, while the ESR was not affected to a similar extent. Therefore, it is likely that the differing extents of changes in acute-phase reactant levels, regardless of treatment, contribute significantly to the disparate rates of remission and low disease activity achieved using the DAS28-4(ESR) and the DAS28-4(CRP), especially when compared with the other criteria; previous studies that have assessed remission rates using both the DAS28 and the index-based ACR/EULAR criteria demonstrated SDAI and CDAI remission rates that were consistently lower than both DAS28-based definitions (16) . Here, DAS28-4(CRP) clearly overestimated remission rates.
The interaction between treatment effects on acute-phase reactants and the criteria used to assess rates of remission and low disease activity have been described previously in the context of IL-6 inhibition (15) . Indices in which acute-phase reactants have higher weight may lead to discordances in remission rates when compared with other outcomes across treatments. This study also reveals the limitations of using DAS28-defined remission as an end point, consistent with the conclusions of the ACR/EULAR provisional definition of remission (6) and expands this information to use of the DAS28 to determine a state of low disease activity.
The differential effect on the ESR and CRP level deserves further investigation, bearing in mind that the CRP level constitutes a measure of a single protein, while the ESR is a complex reaction of various acutephase reactants and presumably other factors (17) . Indeed, in ORAL Solo, DAS28-4(ESR) remission rates (the primary end point) were not significantly different with tofacitinib than with placebo, while DAS28-4(CRP) remission and, of special note, CDAI and SDAI remission rates (i.e., index-based ACR/EULAR criteria) were significantly different with tofacitinib than with placebo. These and other previous findings reveal the importance of selecting appropriate measures of disease activity and efficacy end points in clinical trials. Results that are more consistent are obtained when indices are used in which clinical components are more highly weighted than acute-phase reactants (15) .
Although it is clearly necessary to select appropriate instruments in clinical trial design, our study also has important implications for clinical practice, because the DAS28 is widely used in daily practice during care of RA patients. Rheumatologists may make little distinction between the DAS28-ESR and the DAS28-CRP, given the availability of the respective calculators and programs; however, today, when both the ACR and EULAR strongly recommend use of a treat-to-target approach in the management of RA to achieve remission or low disease activity (1,2), use of an appropriate instrument is crucial. If a score such as the DAS28-4(CRP) conveys high rates of remission and low disease activity when a particular therapy is used, rheumatologists may be inclined to continue the respective treatment despite persistently active disease. On the other hand, if a score such as the DAS28-4(ESR), in the case of tofacitinib use, reveals an erroneously low frequency of remission, effective therapy may be regarded as insufficient and may be stopped despite a state of inactive disease. Because of the huge number of differences in outcomes, it is alarming when these scores are used interchangeably, as the term "DAS28-4" would suggest. The importance of our findings in terms of clinical practice must be considered in the context of increasing use of tofacitinib and the advent of additional JAK inhibitors.
This analysis confirmed that treatment with tofacitinib in patients with moderate to severe RA resulted in greater remission and low disease activity rates versus placebo when a variety of disease activity indices were used. Irrespective of the instrument used, the rates of remission and low disease activity continued to increase to month 6 in the respective studies (ORAL Sync, ORAL Scan, and ORAL Standard), and rates were generally numerically higher for tofacitinib 10 mg twice daily versus 5 mg twice daily.
A limitation of this analysis was that all patients had a uniform baseline disease status of moderate to severe RA; ;90% of these patients met the criteria for high disease activity (baseline DAS28-4[ESR] .5.1); patients with less-active RA or early RA may be expected to achieve higher remission rates. This should be taken into account when applying these data to clinical practice.
In summary, the rates of remission and low disease activity observed using SDAI and CDAI criteria were consistent across studies, while, in line with previous observations, DAS28-based criteria did not convey consistent results. In the current study, this was attributable to differential contributions of acute-phase reactant measures to the observed remission and low disease activity rates. These data reveal the limitations of the DAS28 as a definition of remission due to its heavy dependence on changes in acute-phase reactants. This is of particular relevance when agents that interfere with the acute-phase response are used, such as those that lead to cytokine blockade or JAK inhibition; this should be considered during the design of clinical trials and taken into account in clinical practice. The data also show that the DAS28-4(ESR) and DAS28-4(CRP) are not interchangeable. Consequently, this study confirms the usefulness of the ACR/EULAR provisional definition of remission, both Boolean-based and indexbased.
